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1 .  INTRODUCTION 

This report contains the results of a materials compatibility study 
conducted d u r i n g  the TRW Voyager SPacecraft Engine Demonstrati on Program. 
The purpose of this program i s  t o  demonstrate the capabili t ies of the 
basic TRW Lunar  Module Descent Engine (LMDE) f o r  the Voyager application. 
The primary objective of this par t icular  study was t o  provide quant i ta t ive 
information on the compatibility of the materials currently used i n  the 
TRW LMDE w i t h  the type approval (TA)  and f l i g h t  approval  ( F A )  ethylene 
oxide (ETO) decontamination process as defined i n  JPL Specification 
VOL-50503-ETS. 

The study was divided i n t o  two parts.  F i r s t ,  an extensive l i t e r a tu re  
search was conducted t o  categorize the various materials w i t h  respect t o  
compatibility w i t h  the ET0 decontamination process. The second Dart of the 
study consisted of actual decontamination t e s t s  on selected material samples. 
The materials used f o r  these tes ts  were mainly tho'se c r i t i ca l  LMDE items to  
be used fo r  Vqyager plus various other materials of general in te res t .  All o f  
the t e s t  results are contained i n  th i s  report. 

2 .  SUMMARY 

The l i t e r a tu re  search revealed t h a t  a l l  of the metallics used on LMDE 
had an established history of compatibility w i t h  the ET0 decontamination 
envi ronment whereas the compati b i  l i  ty of many of the organic materials w i t h  
this process was e i ther  unknown or d o u b t f u l .  Based on this  investigation, 
twenty-one different  materials were selected fo r  compatibi1it.y verification 
by decontamination t e s t s .  
were organic i n  nature. 

Of these materials,  a l l  b u t  the aluminide coating 

The decontamination t e s t s  consisted of seven cycles , twenty-eight hours 
each i n  duration, of exPosure t o  the ETO/Freon 12  decontamination environment 
sDecified in  JPL Specification VOL-50503-ETSY "Environmental Specification 
Voyager Capsule Flight Equipment Type Approval and Flight Acceptance Test 
Procedures for  the Heat Ster i l izat ion and Ethylene Oxide Decontamination 
Env i  ronmentsll .The ET0 concentrati on was mai ntai ned a t  600mg/l i t e r  a t  a gas 
temperature of 122°F. 
ET0 and 88 percent Freon 12 (by weight) concentration w i t h  a re la t ive  
humidity of 50 percent. 

The gas mixture was maintained a t  nominal 12  percent 

O f  the LMDE materials used i n  the TRW Voyager Spacecraft Engine, only 
the Sylgard 182 showed a marked change i n  physical characterist ics a t  the 
conclusion of the t e s t s .  This material i s  used as a f i l l e r  between the 
ablative material and the t i t a n i u m  combustion chamber case. The 87 percent 
decrease i n  t ens i le  strength t h a t  resulted from the exDosure t o  the decon- 
tamination media i s  n o t  considered detrimental because the material i s  not 
used for s t ructural  purposes, and i n  this par t icular  application, less  than 
one percent of the total  volume of material used i n  the combustion chamber 
waul d be expos& t o  the beconiami nati on f i  u i  d.  
conducted on the engine assembly d u r i n g  Phase I1  of the demonstration 
program t e s t s  ( t o  be followed by a nine-month vacuum storage t e s t  and a 
duty cycle f i r i ng )  t o  confirm that the effects  of th i s  process on the Sylgard  
material a t  the engine assembly level are n o t  s ignif icant .  

Decontamination tes t s  w i  i 7 be 
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Minor  changes i n  t e n s i l e  s t r e n g t h  were no ted  i n  t h e  MX2600 Pheno l ic  
S i l i c a  Laminate. 
wide v a r i a t i o n  i n  c o n t r o l  specimen and t e s t  specimen t e n s i l e  t e s t  va lues.  
Th is  c o n d i t i o n  was probab ly  caused by improper c u r i n g  o f  t h e  specimens. 

However, these r e s u l t s  a re  suspect  due ma in l y  t o  t h e  * 
I t  was determined t h a t  two m a t e r i a l s  a re  d e f i n i t e l y  n o t  compat ib le  w i t h  

t h e  decontaminat ion process: N i t r o s o  Rubber and Alkanex ( a  varn ish  used f o r  
s e a l i n g  the  e l e c t r i c a l  harness connectors) .  
t o  use these m a t e r i a l s  on the  Vqyager Spacecra f t  Engine. 

It was n o t  planned, however, 

3. RESULTS OF LITERATURE SEARCH 

A l i t e r a t u r e  search was conducted on t h e  m a t e r i a l s  l i s t e d  i n  Table 3-1 
t o  determi ne t h e  degree o f  compatibi 1 i ty w i t h  t h e  ETO/Freon 12 decontami n a t i o n  
process. The m a t e r i a l s  were d i v i d e d  i n t o  t h e  f o l l o w i n g  ca tegor ies :  

0 

1.) Es tab l i shed  c o m p a t i b i l i t y  (C).  

2.)  

3.) 

4.) 

5. Not compat ib le  (NC). 

F a i r l y  compat ib le  ( F a i r l y  C)  , b u t  margins shou ld  be 
es tab1 i shed by t e s t i n g  . 
L i k e l y  t o  be compat ib le (T) ,  b u t  shou ld  be t e s t e d  
b e f o r e  us ing  . 
Not l i k e l y  t o  be comDatible (X) ,  b u t  shou ld  be 
t e s t e d  i f  use i s  considered. 

TABLE 3-1 

Components 
Compati b i  1 i t.y w i t h  

ETO/Freon 12 

COMBUSTION CHAMBER ASSEMBLY 
T i  t a n i  um She1 1 
ED OX.^ Pheno l ic  Adhesi ves 
Epon Adhesive 934 
Syl  gard Bondi ng 
Phenol i c S i  1 i ca Lami na te  
Rubber M o d i f i e d  Pheno l ic  S i  1 i ca Lami na te  
Nozzle Extens ion 

INJECTOR ASSEMBLY 

T i  t a n i  um 
S t a i n l e s s  S t e e l  
A1 umi num 
A! mi n:' 62 Coat ing 
Lubco Dry Lube 
Mic rosea l  Dry Lube 
L o c t i t e  Sea l i ng  Compound 
Col umbi um 

\ 
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SHUT OFF VALVE 
A1 umi  num 
Stainless Steel 
Teflon Seals 
Kynar Seals 
RT V S i  1 i cone Foam 
Butyl O - R i  n g s  
EPR O-Rings 
Electroless Nickel 
Glass Fi l led Teflon (Rulon A )  
Microseal Dry Lube 
GE Silicone Primer 
PR 5-9 (RTV) 

PRE VALVE 
A1 umi num 
Stainless Steel 
Teflon Seals 
Ky n a r Sea 1 s 
But,yl O-Ri  ngs 
DuPont 240 AC Lube 
EPR O-Rings 
Microseal Dry Lube 
G E  Silicone Primer 
Glass Fi l led Teflon 
PR 5-9 (RTV) 

EXIT CONE & SEAL 
A1 umi num 
Stainless Steel 
Tef 1 on 

GIMBAL ASSEMBLY 
A1 mi num 
Steel 
T i  tani um 
Gimbal Beari ng (Fabroi d )  

LINES & DUCTING 
A1 umi nurn 
Stainless Steel 
T i  tani urn 

HEAT SHIELD INSULATION 
Quartz 
Fiberfrax (No organic binder) 

ELECTRICAL COMPONENT MATERIALS 
A1 umi num Connectors 
Tef 1 on Seal i ng P1 ugs 
Gold Plated Copper Contracts 
Polyethylene Boots 
Polyethylene T u b i n g  

C 
C 
C '  
C 
T 

Fairly C 
Fairly C 

C 
C 
C 
T 
T 

C 
C 
C 
C 

Fairly C 
NC 

Fairly C 
C 
T 
T 
T 

C 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 
NC 
NC 
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ELECTRICAL COMPONENT MATERIALS (Continued) 
Tin Plated Brass Ferrules 
B1 ack Anodi zed A1 urni num Adapters 
Chlorinated Polyether Ident. S t r a p  
Chlorinated Polyether Cable S t r a p  
RTV Si 1 i cone Rubber Potti ng Compound (601 /11)  
Polyimide Coated Teflon Insulated Wire 
G E  Silicone Primer 
Glass Epoxy Terminal Board 
Po 1 yet hy 1 en e I dent i f i cat  i on S 1 ee ve 
Aluminum Chassis Assembly 
Steel S h u n t  
Butyl Cover Gasket 
I'J" Box - Aluminum 
A1 umi nurn Protective Cup 
Butyl Connector Seal 
Copper Termal Lug 
Sol der 
A1 umi num Ri ng 
A1 umi num P1 a tes 
Glass Epoxy Wafer 
Nylon Screws 
A1 umi num P1 ugs 
Glass Cloth Tape 
Steel Lockwi re 
Steel Washer 
Steel N u t  
Steel Screw 
A1 umi num C lamps 
Tef 1 on C1 amps 
Steel Flexure Shim 
T i  tani um F1 exure 
Ti tani um Bracket Assembly 
Aluminum Bracket Assembly 
Torque Paint , Cat-a-1 ac  

MISCELLANEOUS MATERIALS 
Tubing and Sleevi ng  Polyvinyl dene 

Fluride (Kynar) AMs 3632 
Tubing and Sleeving Poly01 efin MI L-1-23053 
T u b i n g  and Sleeving Teflon MIL-1-22129 
Tubing and Sleeving Silicone Rubber over 

Fiberglass MIL-1-3190 
Tubing and Sleeving Polyvinyl Chloride and 

i t s  Co-polymers MIL-1-631 
Tubing and Sleevi ng  Polyethylene MIL- 1-631 
Tubing and Sleeving Si l i f lex  (Braided 

Fiberglass w/si 1 i cone resi n )  
Tubing and 51eeving F i b e r g l a s s  wjfungi cide 

Dowcide #7 added t o  varnish 
Tub ing  and Sleeving Extruded Vinyl P las t ic  

Tubing and Sleeving Triple Saturated Cotton 
MIL- I - 7444 
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C 
C 
X 
X 
7' 
T 
T 
C 
NC 
C 
C 

Fairly C 
C 
C 

Fairly C 
C 
c; 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
T 

C 
NC 
C 

T 

T 
NC 

C 

C 

C 
C 



MISCELLANEOUS MATERIALS (Continued) 
Wire Insulation Hi Temp Teflon 

Wire Insulation Enamel MIL-W-583 Type F 
Wire Insulation Fonnvar or Farmex 

Wire Iwulat ion Cotton MIL-W-583 Type C 
Wire Insulation Silk MIL-W-583 Type S 
Wire Insulation Glass MIL-W-583 T-ype G 
Wire Insulation Thermaleze 'IFt1 MIL-W-583 

Wire Insulation Silicone Enamel MIL-W-583 

Wire Insulation Alkanex MIL-W-583 Type B 
Cord Nvlon w/synthetic rubber f inish 
Non-metal 1 i c Washer Thermoplastic MIL-P-22242 
Conductive Gasket 

I ns ul a t  i ng Tape Crepe Taper 
Insulating Tape Acetate Cloth MIL-1-15126 
Insulating Tape Paper 
Insulating Tape Teflon Film/Silicone Adhesive 
Insulating Tape Elastic Vinyl MIL-1-7798 
Insulating Tape Polyester Film MIL-1-1526 
Insulating Taoe Acetate Fi l m  Cloth, Thermo- 

Insulating Tape G 1  ass C 1  oth/Si 1 i cone MIL- 1-191 66 
Ins u l  a t i  ng Tape Cambri c ,  Varnished 
Insulating Tape Epoxy Impregnated Glass Fabric 
Euoxy 
Hardware Parts Various Alloys of Steel ,  

Wire Shields Si lver  Plated or  Tinned Copper 
Mag::et Wi re Soft Annealed Copper MIL-W-583 
Receptacle C u ,  A u ,  o r  Ni Finish 
Wire Nickel 
N u t  Steel w/Molybdenum Disulphide Finish 
Gear Si ni t e  D-10 
Leak Getector Inconel MIL-N-6840 
Ball Bearing Steel ,  Phenolic "Synthane" 
Name Plate Metal F o i l  
Ball Screw Assembly Steel Temp. Range of 

( Des i gn G u i  de) 
Receptacle Carbon Steel ,  Vitreous Material, 

A u ,  Ni 
Washer, Beryl 1 i um Oxide 
Receptacle Brass, Be, C u ,  Glass Fi l led 

Diallyl Phthalate 
Washer Indi um 

MIL-W-583 Type K 

MIL-W-583 Type T 

Type L 

Type H 

F1 urosil i cone Chomeri co 
Powder No. 8000 

set t ing Adhesive 

Aluminum and Brass 

C 
NC 

C 
C 
C 
C 

C 

T 
NC 
C 
C 

T 
X 
T 
X 
T 
T 
C 

T 
T 
X 
T 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 
C 

C 
C 
r SDacer Delrin 500 CI 
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4. DECONTAMINATION TESTS 

4.1 M a t e r i  a1 s 

The f o l l o w i n g  t a b l e  l i s t s  the  m a t e r i a l s  and t e s t  specimen types 
s u b j e c t e d  t o  t h e  seven c y c l e  ETO-Freon 12 decontaminat ion t e s t s .  The cho ice  
o f  these m a t e r i a l s  was based l a r g e l y  on t h e  r e s u l t s  o f  t h e  l i t e r a t u r e  search 
and a l s o  on t h e  genera l  need f o r  knowledge on t h e  behav io r  o f  m a t e r i a l s  
exposed t o  t h i s  environment.  

Discuss ion o f  M a t e r i a l s  Tested and Tes t  Cond i t ions  

A f t e r  e v a l u a t i n g  the  1 i t e r a t u r e  compati b i  1 i ty t a b l e ,  t h e  f o l l  owi ny 
m a t e r i a l s  were s e l e c t e d  f o r  t e s t :  

TABLE 4-1 

"MATER I ALS FOR D ECONTAM I N AT I 0 N T ES TS 'I 

M a t e r i  a1 Manufacturer  Specimen Type 

1. Ethy lene Propylene Rubber 
O - R i  ngs Parker  

2. T e f l o n  O-Rings Parker  

3. B u t y l  Rubber O-Rings Parker  
4. Samples o f  Carb0x.v N i t r o s o  

Rubber T h i o k o l  

5. DuPont' K r y t o x  240-AC Lube DuPont 

6. Lubco 2023 Dr.y Lube 
M I  L-M- 7866A Lubco, Inc .  

7. Gimbal Bear ing  Y a t e r i a l  
( F a h r o i  d )  

8. MX2600 Pheno l ic  S i l i c a  
Lami na te  F i  b e r i  t e  

9. MX SE 57 Rubber M o d i f i e d  
Phenol i c S i  1 i ca Laminate F i  b e r i  t e  

10. WB 7208 I n s u l a t i o n  Overwrap F i b e r i t e  

11. RTV 601 Dow Corning 

Ny 1 o-Sea 1 s 

12. RTV S-5370 Dow Corning 

As i s  
As i s  

As i s  

1 pc. 1/8" t h i c k  x 
1/2" x 3 1/2 
1 b u t t o n  1/2"L x 3/8"D 
M i c r o  Dumbel 1 Tensi  l e  

Specimen 

A p p l i e d  t o  a Sov B a l l  
Valve & Seal 

On Bear ing 

Gimbal Bear ing 

T e n s i l e  Specimens 

Tensi 1 e Specimens 

Tens i 1 e Specimens 

M i  c r o  Dumbell Tensi l e  

M i c r o  Dumbel 1 Tensi l e  

Specimen 

Specimen 
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0 
13. 

14. 

15. 
16. 
17. 

18. 
19. 
20. 

* 21. 

RTV 8111 

Sylgard 182 

Epon Adhesive 934 
HT 427 Phenolic Adhesive 
S i l icone  Primer MT 3-17 
w i t h  PR 5-9 

A1 umi n i  de Coating 
J-Box O - R i  ng (Butyl ) 
N i  tri  1 e O - R i  ng 
E lec t r ica l  Harness Sample 

General E l e c t r i c  

D o w  Corning 

She1 1 
American Cyanamid 

Chem Seal Corp. 

T R W 
Parker 
Parker 
Deutsch 

Mi cro  Dumbel 1 Tensi 1 e 

Micro Dumbel 1 Tensi l e  

Lao Shear Specimen 
Lap Shear Specimen 

Spec i men 

Specimen 

Painted on piece of 

On Col umbi um coupons 
J-Box Cover and O-Ring  
As is  
2 connectors w i t h  wires 

a1 umi num 

The preparation of a l l  t e n s i l e  and laD shear  specimens were based on 
TRW and  ASTM Speci f i  cat ions.  

Material TRW Preparation Test 
SDecifi cat ion Spec i f ica t ion  

M X  2600 Phenolic S i l i c a  
Laminate PIT 3-10 ASTM 0638 I. 

WB 7208 Insu la t ion  Overwrap MT 3-31 
PR 10-21 

MX SE-57 Elastomer Modified 
Si l ica-Phenol ic  MT 3-32 

PR 10-20 
Sylgard 182 PR 4-17 

ASTM 0638 

ASTM 0638 
ASTM D412 

HT 427 Phenolic Adhesive PR 4-18 Type VI11 Fed. Test  Method 
Standard 175 Method 
1033.17 

Epon 934 
RTV 601 

PR 4-18 
PR 4.-17 

II 

ASTM D412 
RTV S-5370 PR 4-17 ASTM D412 
RTV G E  8111 
N i  t r o so  

PR 4-17 
PR 4-17 

ASTM D412 
ASTM D412 

4.2 Decontamination Test Environment 

Spec i f ica t ion  VOL-50503-ETS for the TA testing. 
performed i n  order  t o  s i tw la t e  both the TA and FA requirements. The purpose 
of these t e s t s  was only t o  Drc:.iL!c? exposure o f  the  mater ia ls  t o  the ETO/ 
Freon 12 decontamination envi ronment t o  determi ne compati b i  1 i t y  , and no 

The decontamination tes t  conditions simulated those spec i f i ed  i n  JPL 
A t o t a l  of seven cycles were 
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' 0  

0 

attemDt was made t o  ascertain i f  the process was effect ive in actually decon- 
tami nati ng the t e s t  specimens. 

the fu l l  duration of each of the seven 28-hour cycles: 
The t e s t  chamber conditions were maintained a t  the following levels for  

Gas Composition: 
ET0 Concentration: 600 mg/liter 
Gas Temperature: 
Relative Humidity: 
411 external surfaces of the t e s t  specimens 
were exposed t o  the gas .  

12% ET0/88% Freon 12  (by weight) 

122°F. ( - + 2°F.) 
50% ( - + 5%) 

The t e s t  chamber pressure required to  maintain the correct ET0 concen- 
t ra t ion was originally calculated to  be 20 psia a t  the required temperature 
(122°F.). 
sample analyses. (See Table 1 )  

in the appendix. 

After the t e s t s  began, the gas composition was verified by gas 

A detailed t e s t  procedure and a description of the t e s t  setup are included 

5. TEST RESULTS A N D  DISCUSSION 

5.1 O-Rings 

The changes occurring in the O-Rings tha t  are  most comnonly used, 

The weight changes were minute and dimensional changes were insigni- 

i .e. , But-yl Rubber, Ethylene Propylene Rubber, and Teflon, show very l i t t l e  
degradation, i f  any. 
and 4 . )  
f icant  (See Table 2 ) .  However, i n  view of the f ac t  t h a t  Butyl Rubber is  
temnerature sensi t ive above about 225"F., other materials should be considered 
i f  thermal conditioning for  an extended period is  anticipated. 

There were no color changes noted. (Figures 2 ,  3, 

Ni t r i le  Rubber O-Rinas showed gains in weight of 16 percent t o  41 percent 
durinc the seven decontamination cycles, and increases i n  thickness of 4.3 
percent t o  1 2 . 7  percent. Therefore, Ni t r i le  O-Rings are considered 
unsuitable fo r  use i n  engines which would be sub,jected t o  ETO/Freon 12 
decontamination. 

Carboxy Nitroso Rubber i s  def ini te ly  n o t  suitable when decontamination 
cycles are required. This rubber showed gains i n  weight ranging from 76.5 
percent t o  271 percent and dimensional increases from 30.9 percent t o  81.3 
percent. 
reduced by 51 percent. Visual changes were apparent as early as the f i r s t  
28-hour cycle. 
changed t o  l igh t  green, and  displayed s ignif icant  swelling and increase in 
volume. 
cycles , and  a f t e r  completion, the specimens continuously oozed beads of 
l iquid even when the rubber was wiped dr.y (See Tables 2 and 1 2 ,  and Figures 
2 ,  5, 6 ,  and 7 . )  

The tens i le  strength decreased 80 percent, and the elongation was 

The Nitroso Rubber, which was originally dark green i n  color, 

This phenomena continued t h r o u g h o u t  the seven decontamination 
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5 . 2  A 1  umi n i  de Coati nqs 

The Aluminide Coatings (See Table 3 and Figures 8 and 9 )  , which 

Very s l igh t  
are ut i l ized on the injector  pintle t i p  and nozzle extension, showed 
practically no change i n  weight during the decontamination. 
visual chanaes were aDparent , whi ch were confi rmed by  mi croscopi c exami n- 
ation. There i s  no evidence t o  indicate that  d i f f icu l ty  will be encountered 
with this  material. 

5.3 El as tomers 

The RTV Compounds (Tables 4 ,  13, 14 ,  and 15,  and  Figures 5 and  6) ,  
i n  general , shoved good resistance t o  the ETO/Freon 1 2  environment. Of the 
three RTV comnounds tes ted,  only one, RTV S-5370, a s i l icone foam used as a 
p o t t i n g  compound i n  the Snut-Off Valve showed large weight and dimensional 
gains (abou t  19.5 percent). 
ation tes t s  w i t h  RTV S-5370 showed increases of 17.3 percent and 13.1 percent. 

A t  room temperature , tensi l e  strength and elong- 

RTV 601 displayed a loss of 9.1 percent i n  t ens i le  strength and a gain of 
5 percent in elongation, and RTV G E  8111 showed a loss of 17.3 percent in 
tens i le  strength and 6 percent i n  elongation. 
between the head end assembly and  the ablative faceplate. (Minor exposure to  
ETO/Freon 1 2  i n  actual use).  RTV G E  8111 i s  used in e lectr ical  applications 
fo r  insulation. 
are compatible with ETO/Freon 12 where physical strength i s  not a requirement. 

Sylaard 182 (Table 16 and Figures 5 and 6 ) ,  which i s  used between the 
combustion chamber case and  ablative materials, showed s iqnif icant  changes i n  
ETO/Freon 1 2 .  Losses of 87 percent in tens i le  strength and  4 .4  percent in 
elonqati on were recorded. Weight and  dimensional measurements were i nadver- 
tently missed. 
exposure and  showed some swelling. Although s ignif icant  changes occurred i n  
t h i s  material, a simple conclusion of incompatibility cannot  be drawn since 
i n  the a w l  i cation ( F i  11 material between combus t i o n  chamber case a n d  ablative 
mater ia l ) ,  a surface of only 0.060 inch thickness i s  exposed t o  the ET@ mixture. 

RTV 601 i s  used as a sealant 

I t ,  therefore, appears t h a t  a l l  three RTV compounds tested 

Photographs were taken before and a f t e r  ETO/Freon 12  

PR 5-9 (Figure 1 2 ) ,  a si l icone rubber material used for  masking dissimilar 
materials from vapor and consequent galvanic corrosion , was unaffected by 
ETO/Freon 1 2  e i ther  visually or dimensionally. 

5 .4  Gimbal - Beari ng Materi a1 

The fabroid material in the Gimbal Bearina held up quite well in  the 
decontaminant. 
the bearing f r ic t ion  seemed t o  increase s1ightl.y. 

(See Figures 10 and 1 1 ) .  No changes were observed, although 

5.5 Lubricants 

DuPont Krytox 240-AC (Figures 11 and 13) lubrication material showed 
excellent r s i s t a n c e  t o  the ETO/Freon 12 environment. Literature search 
compatihi l i  ty studies conducted by the wri ter  had indicated t h a t  240-AC grease 
would n o t  be compatible w i t h  ETO/Freon 12. I t  was predicted t h a t  the grease 
would lose i t s  viscosity and thereby become useless for  lubrication purposes 
However, cont ra ry  t o  this  nrediction, the grease became heavier, i f  anything, 
vai ntai ni ng i t s  viscosity , thus retaining i t s  1 ubri cati  on value. 
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As expected, there was no effect  on the Lubco Dry Lube. The material 
re ta i  ned i ts  1 ubri cati  ng properties and wi ths tood the ETO/Freon 12 
envi ronment with no evidence of degradation. 

5.6 Electrical Materials 

The Butyl Rubber J-Box O-Ring (Figures 14 and 15) retained normal 
s i ze  and indications are t h a t  there were no deleterious effects  from ETO/ 
Freon 12. 
16,  17 ,  and 18). The insulation, probably i r radiated polyolefin, became a 
l i t t l e  tacky, b u t  was s t i l l  serviceable. 
unaffected both visually and dimensionally. The insulation materials were 
undamaged. 
a t i o n  t o  the connector, was damaged, b u t  the seal was n o t  broken. 

L i t t l e  damage was noted on the e lec t r ica l  harness samples, (Figures 

The RTV potting compounds were 

The sealing material, alkanex, which i s  used t o  hold the insul- 

5.7 Ablative Materials 

The ablative materials for  the combustion chamber, MX 2600 Phenolic 
S i l i ca  laminate, MX-SE 57 Rubber Modified Phenolic S i l i ca  Laminate, and IdB 7208 
Insulation Overwrap, exhibited some change a f t e r  ETO/Freon 12.  Visually, a l l  
specimens showed some bleaching a f t e r  ETO/Freon 1 2  (Figures 19, 20, 21 ,  22 ,  
and 23). M X  2600 and WB 7208 showed weight increases from 3.4 percent to  7.6 
percent (Table 5 . )  No changes in hardness were noted (Table 6 ) .  There was 
a drop i n  t ens i le  strength of 17.8 percent in MX 2600; 7.1 percent in M X  SE 57; 
b u t  an increase of 6.9 percent for WB 7208 (Tables 7 ,  8,  and 9 ) .  There was a 
drop in  Modulus o f  32.8 percent in MX 2600; of 7.5 percent in M X  SE 57; and 
16 percent i n  WB 7208. All ablative materials tested appear t o  be compatible 
with ETO/Freon 12. 

5.8 Adhesives 

The Lap Shear specimens of Epon 934 and Adhesive HT 427 were b o t h  
compatible with ETO/Freon 12. Both adhesives are ut i l ized i n  various 
components of the Voyager Engine (Tables 10,  11 , and  Figures 24 and 25) .  

6. CONCLUSIONS 

6.1 The O-Rings proposed for usage i n  the TRW Voyager Engine are 
cmpat ible  in seven cycles o f  ETO/Freon 1 2  environment (See Appendix A fo r  
the Conditions) . The O - R i  ngs are namely, Ethylene Propylene Rubber, 
Teflon, and 2utyl Rubber. 
and Ni t r i le ,  are def ini te ly  unsuitable for  use i n  engines which could be 
subjected t o  the ETO/Freon 12 envi ronment . 

Some of the other rubbers tes ted,  Carboxy-Nitroso, 

6 . 2  The Aluminide Coatings which are ut i l ized on the injector  pint le  
t ips  and  nozzle extension are compatible w i t h  the ETO/Freon 12  environment. 
No Droblems are anticipated w i t h  these coatings. 

6.3 The three RTV compounds, RTV S-5370, RTV 601, and  RTV G E  8111, 
F.rh ,P ut i l ized  in  the TKW voyager Engine, appear t o  be compatible w i t h  t iu/rreon 12. 

RTV S-5370 which i s  ut i l ized as a p o t t i n g  compound in  the Shut-Off Valve, 
though showing increases in weight and dimensional measurements, had 
increased tens i le  strength and elongation. 
sea lan t  between the head end assembly and ablative faceplate,  and RTV G E  8111, 

RTV 601, which i s  used as a 0 
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u t i l i z e d  i n  e l e c t r i c a l  a p p l i c a t i o n s  as i n s u l a t i o n  m a t e r i a l ,  were b o t h  
compat ib le  w i t h  ETO/Freon 12. 

S y l g a r d  182, which i s  u t i l i z e d  as a f i l l e r  compound between t h e  
combustion chamber case and the  a b l a t i v e  m a t e r i a l  , showed s i g n i f i c a n t  change 
i n  ETO/Freon 12. 
as o n l y  a smal l  f r a c t i o n  of the  m a t e r i a l  i s  exposed t o  t h e  ETO/Freon 12 gas 
i n  t h e  engine assembly. 
and t h e  s w e l l i n g  would c r e a t e  a problem w i t h  the  m a t e r i a l  sandwiched between 
ti t a n i  um and t h e  phenol i c s i  1 i ca 1 ami nates.  

However, i t  i s  n o t  b e l i e v e d  t h a t  t h i s  would cause a problem 

I t  i s  n o t  f e l t  t h a t  t h e  l o s s  o f  t e n s i l e  s t r e n g t h  

PR 5-9, a s i l i c o n e  rubber  m a t e r i a l  used f o r  p r o t e c t i n g  var ious  d i s s i m i l a r  
m a t e r i a l s  f rom g a l v a n i c  cor ros ion ,  appears t o  be compat ib le  w i t h  ETO/Freon 12 
?as. 

6.4 The Gimbal Bear ing m a t e r i a l ,  a composite o f  T e f l o n  and g lass ,  i s  
compat ib le  i n  ETO/Freon 12. 

6.5 DuPont K r y t o x  AC Lube which i s  used i n  t h e  Shut -Of f  Valve showed no 
e f f e c t s  f rom ETO/Freon 12, and c o n t r a r y  t o  l i t e r a t u r e  search r e s u l t s ,  i s  
compat ib le  w i t h  ETO/Freon 12. 

As expected, Lubco Dr.y Lube was compat ib le  w i t h  ETO/Freon 12. 

6.6 The J-Box Butyl Rubber O-Ring r e t a i n e d  normal s i z e  and apDears t o  
be compat ib le  w i t h  ETO/Freon 12, a l though some of t h e  Alkanex t y p e  v a r n i s h  pee led  
o f f  t h e  connector ,  Th is  i s  n o t  expected t o  be o f  s e r i o u s  impact,  as t h e  
s e a l  has n o t  broken between the connector  and t h e  i n s u l a t i o n .  

6.7 MX 2600 Pheno l ic  S i l i c a  Laminate, MX SE 57 Rubber M o d i f i e d  Pheno l ic  
S i l i c a  Laminate, and WB 7208 I n s u l a t i o n  Overwrap, t h e  a b l a t i v e  m a t e r i a l  f o r  
t h e  combustion chamber, though showing some p o s s i b l e  changes r e s u l t i n g  f rom 
t h e  ETO/Freon 12, a r e  n o t  expected t o  be a problem. 

6.8 Epon 934 and t h e  adhesive HT 427, which a r e  used throughout  t h e  
engine as adhesives, were q u i t e  compat ib le  w i t h  ETO/Freon 12. 
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APPEND I X 

A. Test Equipment 

1 i zers comnercial ly avai lable i n  24 1 i t e r  capacit ies.  These s t e r i  1 izers are 
capable of withstanding a t  least  100 psi (burst pressure) and are  equipped 
w i t h  automatic safety re l ie f  valves when pressures greater than 30 ps i a  are  
experienced. 

The compati b i  1 i t y  studies were conducted i n 2 pressure cooker type s t e r i  - 

Cal cul a t i  ons based on the ETO/Freon 12 m i  xture , and the concentration of 

Other conditions 
ET0 of 600 mg/liter called o u t  i n  the specifications,  indicated t h a t  the 
t e s t  should be conducted a t  20 psia ETG/Freon 12 pressure. 
t o  be met were: 

1 .  122°F.  - t 2 " F . ,  Constant Temperature 
2. 50% Relative Humidity - t 5% 
3. All material external surfaces were exposed t o  the gas 
4.  28 hours of constant exposure 

i o  meet these conditions, the fo l lowing  steps were taken: 

1. To meet the temperature requirements, heating tapes were wrapped around 
both s t e r i  1 izers . 

2.  The temperature was monitored i n  both s t e r i l i z e r s  w i t h  the use of 
thermo couples measuring the gaseous temperatures. 
wired t o  a pyrometer. 

The thermocouples were 

3. The re la t ive  humidity requirement was met by drawing a vacuum of  
70 mn Mercury on the t e s t  s t e r i l i z e r  and add ing  5 mm Mercury water vapor. 
5 m of water vapor brought  the  re la t ive  humidity to  about 50%. 

4. ETO/Freon 1 2  was added t o  the f i rs t  s t e r i l i z e r ,  which was u t i l i zed  
as an expansion chamber. 
122"F., then passed into the sample tank. 
a t  20 psia by add ing  ETO/Freon 12 gas to  i t  from time t o  time. 

20 Psis was heated t o  a temperature of 
The f i rs t  s t e r i l i z e r  was maintained 

5. The vent l ine  was connected to  2 water scrubbers. The gas was 
disposed of by passing the gas slowly through these scrubbers. 
w i t h  water t o  form ethylene glycol thus removing ET0 before the gas i s  vented 
t o  the atmosDhere. 

ET0 reacts 

6. The concentration of ET0 was monitored by e v a l u a t i n g  one l i t e r  gas 
samples i n  a gas bomb. 
were used t o  analyze the gas. 

Gas Chromatography and In f ra  Red Spectrometry methods 

A typical t e s t  setup i s  shown in Figure A-1. 
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B.  Test Procedure 

1 .  Place materials on screens in t e s t  s t e r i l i z e r s .  

2.  Seal b o t h  s t e r i  1 izers . 
3. Purge b o t h  s t e r i l i z e r s  with Argon. 

4. T u r n  on heating tapes on bo th  s t e r i l i z e r s .  

5. T u r n  on vacuum pump t o  b o t h  s t e r i l i z e r s  . 
6 .  Pump down b o t h  s t e r i l i ze r s  t o  approximately 70 mm of Hg. T u r n  off 

valve interconnecting s t e r i l i z e r  #1 and t e s t  s t e r i l i z e r .  

7. Let s t e r i l i z e r s  stand and check for  leaks. 

8. T u r n  on ETO/Freon 12 t o  s t e r i l i z e r  # l .  As soon as pressure of 
20 psia i s  reached, turn off ETO/Freon 12 .  

9. Add 5 mm of water vapor t o  t e s t  s t e r i l i z e r ,  lowering manometer 
pressure from 70 mm t o  65 mm of Mg. 

10. As soon as the gas in s t e r i l i z e r  #1 i s  s tabi l ized a t  122°F. + 2"F., 
pass gas t o  t e s t  s t e r i l i z e r .  
s t e r i  1 izers . Close valve interconnecting the two 

11. Add more ETO/Freon 12 t o  s t e r i l i z e r  #1 t o  maintain pressure a t  
20 psia. 

12. 

13. 

Remove gas sample from t e s t  s t e r i l i z e r .  

Adjust gas pressure t o  reach concentration of 600 mg/liter of  ETO. 
(Approximately 20 psia) 

Maintain gas pressure a t  20 psia temperature a t  122°F. + 2°F. fo r  
28 hours. 
monitoring of re la t ive humidity in  the t e s t  chamber). 

14. 
(Lack of instrumentation prevented the cons tznt 

15. After 28 hours , open out le t  valve o f  t e s t  s t e r i  l i z e r  allowing gas 
t o  go through scrubbers very slowly before venting through the hood. 

After gas i s  a l l  disposed, purge t e s t  s t e r i l i z e r  with Argon. 16.  
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TABLE 1. 

GAS ANALYSIS 

Cycle No. 

1 

2. 

4. 

5. 

6. 

MOLES % 
ET0 

16.59 

22.12 

22.18 

25.63 

25.70 

Mg ETO/Liter 

35 5 

473 

475 

549 

551 

0 Gas Analysis f o r  cycles 3 and 7 were inadvertently omitted. 
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FIGURE 1. Decontamination Set-Up Color Photo. 
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F I G U R E  2 .  O-Rings - Teflon and Butyl - Sheet and  But ton  pieces o f  Nitroso 
Rubber, a l l  before ETO/Freon 1 2 .  Color Pho to  (Neg. #32618-67) 
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FIGURE 3. 0-Rings before ETO/Freon 12. 
smal les t  - N i t r i l e  2-45; N i t r i l e  2-142; Zuty1 7832-031; 
But,yl 7032-037; EPR (No # ) ;  EPR (No # ) .  Color Photo 
(Neg. #32611-67). 

Going from the l a rges t  t o  the 
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FIGURE 4. 0-Rings a f t e r  7 c y c l e s  ETO/Freon 12. 
t o  the s m a l l e s t  - N i t r i l e  2-45;  N i t r i l e  2-142: Butyl  7032-033; 
Buty l  7032-031 : Butyl 7032-037; EPR (No # ) ;  E P R  (No # ) .  Colo r  

Goinq from the l a r g e s t  

0 P h o t o  (Neg . #33015-67).  
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FIGURE 5. 

0 
Top to Bottom - Sylgard 182 Dumbell Samples; RTV 601 Dumbell 
Samples; RTV GE 8111 Dumbell Samples; NT-5 Mitroso Rubber Dumbell 
Samples; RTV S-5370 Dumbell Samples. All before ETO/Freon 12. 
Color Photo (Neg. #32614-67). 

-36- 



FIGURE 6. From t o p  t o  bottom - 
Dumbell Samples ;  RTV G E  8111 Dumbell Samples ;  NT-5 N i t r o s o  Rubber 
Dumbell Samples ;  RTV S-5370 Dumbell Samples.  
ETO/Freon 12 .  
Rubber spec imens  from the o r i g i n a l .  Co lo r  Photo  (Neg. #33012-67).  

S y l g a r d  182 Dumbell Sampies ;  R i t ’  601 

All a f t e r  7 c y c l e s  
Note i n c r e a s e  i n  s ize  of S v l g a r d  182 and N i t r o s o  
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FIGURE 7. Nitrosc! R u b h e r  a f t e r  7 cycles of ETO/Freon 12 .  The or ig ina l  
s ize  o f  the button was approximately 1 /2 "  diameter X 1 /2"  Long. 
The sheet was approximately .025" thick X 1 /2"  wide X 3 3/4" 
Lona or ig ina l ly .  Note color  change from dark green t o  l i g h t  
green. Color Photo (Neg . #33021-67). 0 
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FIGURE 8. A1 urn n i  de Coatings before ETO/Freon 12 .  Color Photo ( Neg . #32612-67) 
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FIGURE 9 .  Aluminide Coatings a f t e r  7 c,ycles ETO/Freon 12 .  Note s l i g h t  
color  changes from original  i n  Figure 8. Color Photo 
(Neg . #33025-67). 
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I FIGURE 10. Fabroid Gimbal Bearing material  before ETO/Freon 12. The 
material  was bonded on t o  a piece o f  s t e e l  because i t s  physical 
appearance could n o t  be s tudied i n  a Gimbal Bearing. 
Photo (Neg . #33024-67). 

Color 
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FIGURE 11. On the l e f t ,  Fabroid Gimbal Bearing materiai a f t e r  7 cycies 
ETO/Freon 12 .  
s t e e l  shows some corrosion. 
Grease a f t e r  7 cycles ETO/Freon 1 2 .  
viscous b u t  s t i l l  maintains i t s  lubricat ing propert ies .  
Photo (Neg . #33017-67). 

No change in the Fabroid mater ia l ,  although 
On the R i g h t ,  D u P o n t  Krytox 240-AC 

Material has become a l i t t l e  
Color 
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FIGURE 12. PR 5-9 before ETO/F12. A photo s h o w i n g  the material  a f t e r  
The material  showed no e f f e c t s  and ETO/F12 was not taken. 

physi cal  chanqes . Color Photo (Neg . #32616-67). 
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FIGURE 13. DuPont K r y t o x  240-AC Grease b e f o r e  ETO/Freon 12. Co lo r  
Photo (Neg . #32890-67) .  
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FIGURE 14. Electr ical  J-Box O-Rina ( B u t v l )  before ETO!Freon 12. 
Photo (Neg . #32621-67) 

Color 
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FIGURE 15. Electr ical  J-Box w i t h  Butyl O-Rings a f t e r  7 cycles ETO/Freon 12. 
Color Photo (Neg. #33011-67) No apparent v i s ib le  changes noted. 

-45- 



FIGURE 16. Elec t r ica l  Harness Samples (PTZ-96-196, Removable Type Contacts) 
before ETO- Freon 1 2 .  Col o r  Photo (Neg . #32615-67) 



FIGURE 17. Looki ng i n t o  e l  ec t r i  c a i  ccrniieetors ( PR 2-96- 196) b e f o r e  ETOiFreon 12. 
A pho to  a f t e r  ETO/Freon 12 was not taken as there were no v i s i b l e  
changes. Color Photo (Ne9. if3261 7-67) .  
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FIGURE 18. Electr ical  Harness material  a f t e r  7 cycles ETO/Freon 1 2 .  
seal ing material  peeling o f f .  

Note 
Color Photo (Neq. #33019-67) 
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FIGURE 19. Right  Top - MX 2600. All before ETO/Freon 1 2 .  Color Photo 
(Neg. #32619-67). 
Left - MX 2600 Tensile Specimen. 

R i g h t  Bottom - MX 7208 Insulation Overwrap. 
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FIGURE 20. R i g h t  Top - MX 2600 a f t e r  7 cycles of ETO/Freon 12 .  Note 
s l i g h t  bleaching e f f e c t  on samples. 
R i g h t  Bottom - Insulation Overwrap. 
Specimen. 

Color Photo (Nea. #33016-67). 
Left - MX 2600 Ters i le  
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F I G U R E  21. MX SE 57 Rubber Modified Phenolic S i l i c a  Laminate before 
ETO/Freon 1 2 .  Color Photo (Neg. #32620-67) 
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FIGURE 22. Extreme Left - M X  SE 57 a f t e r  ETO/Freon 12. Second from 
Left - M X  SE 57 before ETO/Freon 1 2 .  T h i r d  from Left - 
MX 2600 a f t e r  ETO/Freon 12. Four th  from l e f t  - M X  2600 
before ETO/Freon 12 .  Note s l i g h t  bleaching e f f ec t s  a f t e r  
ETO/Freon 12 .  Col o r  Photo (Necj. #33023-67) 
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FIGURE 2 3  - MX 2600 Phenol ic  S i l i c a  Laminate a f t e r  7 cyc les  o f  ETO/Freon 12. 
Note b ieac i r i i i g  e f f e c t  o f  ETO/Frzor: 12. C C I C ~  Phctc (Ne:. #33O!3-C;?) 
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FIGURE 24, Two on Top - Epon 934 Adhesive Lap Shear Specimens. 
ETO/ Freon 12. 
Two on Bottom - HT 427 Phenolic Adhesive Lap Shear Specimens. 

All before 
Col o r  Photo (Neg . #32622-67 J . 
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FIGURE 25. HT 427 Phenolic Adhesive Lap Shear Specimens a f t e r  7 cycles o f  
ETO/Freon 1 2 .  Color Photo (Neg . #33014-67) 
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